Background and aim To examine the impact of day-care laparoscopic cholecystectomy (LC) with ultrasonic scissors dissection versus diathermy hook dissection method in a randomized setting. Methods From April 2012 to September 2014, a total of 169 elective day-care patients were randomized to undergo either laparoscopic cholecystectomy with ultrasonic scissors using fundus-first approach (n = 88) or diathermy hook dissection starting from the triangle of Calot (n = 79). Main measures of outcome were operative time, same-day discharge and intraoperative complications. Secondary outcome measures were postoperative pain (numeric rating scale), postoperative nausea and vomiting (PONV), readmissions and 30-day morbidity. Results Median operative time was similar in the ultrasonic dissection and diathermy hook dissection groups (45 vs 45 min, p = 0.95). Same-day discharge was possible in 77 patients (87 %) in the ultrasonic dissection group and in 69 patients (87 %) in the diathermy group, p = 0.98. Intraoperative gallbladder perforations, mean intraoperative bleeding, postoperative pain and PONV at 1, 2 and 4 h (p = 0.78) did not differ significantly between the study groups.
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Conclusion Day-care LC using either diathermy hook or ultrasonic dissection resulted in excellent same-day discharge in both groups (87 %). LC with ultrasonic dissection does not offer any clinical advantages compared to diathermy dissection.
Previous meta-analysis and randomized trials have confirmed the safety and effectiveness of day-care laparoscopic cholecystectomy (LC) compared to overnight-stay LC with no significant differences in morbidity, pain control, quality of life, patient satisfaction or return to normal daily activities [1] [2] [3] [4] [5] . Traditional LC with diathermy hook dissection starting from the triangle of Calot has been the gold standard. However, ultrasonic dissection of the gallbladder has been shown to cause less thermal injury in the surrounding tissues than diathermy hook [6] . Previous randomized studies using the fundus-first approach and ultrasonic dissection have shown less pain, intraoperative bleeding and intraoperative gallbladder perforations, and shorter sick leave than LC with traditional diathermy dissection [7, 8] . Moreover, the fundus-first approach has been described to shorten operative time, reduce postoperative PONV and increase same-day discharge [7, 8] .
Adequate pain relief is an essential part of short-stay surgery. Postoperative nausea and vomiting may also delay postoperative discharge. To improve our day-care laparoscopic cholecystectomy pathway and same-day discharge, an evidence-based approach was adopted to optimize the perioperative care [9, 10] . This study examined the impact of laparoscopic cholecystectomy with ultrasonic scissors and fundus-first approach or diathermy hook dissection starting from the triangle of Calot on operative time, sameday discharge and intraoperative complications.
Patients and methods
From April 2012 to September 2014, a total of 169 patients were randomly assigned to undergo either a standard LC with diathermy hook dissection or fundus-first LC using ultrasonic dissection in the day-care unit of Central Hospital of Central Finland. Main measures of outcome were operative time, same-day discharge and intraoperative complications. Secondary outcome measures were postoperative use of analgetics, postoperative nausea and vomiting (PONV), readmissions and 30-day morbidity.
Patients were examined in the outpatient department by the operating surgeons and scheduled for day-care surgery. If the inclusion criteria were fulfilled, patients were offered to take part in the ongoing study. Included were elective patients aged from 18 to 65 years having symptomatic cholelithiasis and normal liver enzymes, American Society of Anesthesiologists (ASA) score I or II, body mass index (BMI) under 35 and no bile duct dilatation in ultrasound. Excluded were patients with NSAID allergy, ASA score III or IV, previous upper GI surgery, common bile duct stones in preoperative imaging or history of severe acute pancreatitis. Computerized randomization with sealed opaque envelopes was done by a third party. The envelopes were stored in the operating theater. A sealed envelope was opened by a staff nurse after initiation of anesthesia. The study was approved by the Ethics Committee of Central Hospital of Central Finland (Dnro 3U/2012, ClinicalTrials.gov NCT01553331). Written informed consent was obtained from each patient before enrollment.
Day-care laparoscopic cholecystectomy pathway
Premedication with 2 g oral paracetamol and 120 mg etoricoxib was given 1 h before the surgery. No opioids, sedatives or anxiolytes were administered routinely. Kneelength compression stockings were used routinely to prevent deep vein thrombosis. Induction and maintenance of anesthesia were achieved with propofol and remifentanil infusion. The depth of anesthesia was bispectral indexguided (BIS). Cis-atracurium was administered for muscle relaxation. During anesthesia, dexamethasone 10 mg and ondansetron 4 mg were given intravenously to reduce postoperative nausea and vomiting (PONV). Ketoprofen 100 mg iv was administered for pain relief. Neuromuscular blockade was monitored with NMT module. At the end of the operation, all port sites were infiltrated with total amount of 20 ml of ropivacaine 7.5 mg/ml. During recovery room period, patients received 25-50 lg iv fentanyl for breakthrough to pain, up to a maximum total dose of 200 lg. Oxycodone 5 mg orally was administered repeatedly up to maximum of 30 mg if necessary. Metoclopramide 10-30 mg iv, ondansetron 4 mg iv or dehydrobenzperidol 0.5 mg iv was used as anti-emetic drugs when appropriate.
All operations were performed by two senior surgeons with over 10-year experience of conventional LC. The ultrasonic dissection technique was familiar to both surgeons from other gastrointestinal surgeries. Fundus-first LC with ultrasonic dissection technique was implemented by operating 15 patients before starting the randomized trial. Patient positioning was standard supine position with the surgeon and assisting nurse standing at the patient's left and monitors at the head of the bed. A standard 4-trocar setup with intra-abdominal pressure of 10 mmHg was used. The decision to do intraoperative cholangiography was left to the discretion of the operating surgeon. Cholangiography time was measured in both operating methods from the placement of first cystic duct clip until the last clip was placed after completion of C-arm cholangiography.
In the diathermy hook dissection method, the cystic artery and cystic duct were closed with metallic clips. The gallbladder was dissected from the liver bed with retrograde manner using diathermy hook. Ultrasonic dissection with Harmonic scissors (Harmonic ACE, Ethicon EndoSurgery, Ohio, USA) was initiated by opening the serosa of gallbladder fundus, and the dissection proceeded toward the triangle of Calot. The cystic artery was divided with ultrasonic scissors. The cystic duct was closed with metallic clips.
Intraoperative gallbladder perforations were managed temporarily with graspers, and after the dissection of gallbladder from liver bed, the area was rinsed with saline solution. The operative time was measured from first skin incision to last stitch placement after infiltration of local anesthetic. The amount of procedural blood loss was estimated. The specimen was removed in a plastic bag through umbilicus in both surgical methods.
Patients and recovery room nurses were blinded to the surgical technique used in the operation. The operating surgeons and the operating room staff were excluded from postoperative treatment and evaluation. Postoperative pain was recorded at 1, 2 and 4 h after surgery using numeric rating scale (NRS) from 0 = no pain to 10 = worst possible pain. Postoperative nausea was registered at 1, 2 and 4 h after surgery. Postoperative pain medication at home included etoricoxib 60 mg and paracetamol 1 g t.i.d advised to take if needed. As a rescue medication, 5 mg oxycodone tablets were given to the patient.
Patients were discharged by a recovery room nurse after they were nausea and pain free (NRS B 4) with oral analgesics, fully mobilized, able to drink and urinate. Reasons for overnight stay were assessed. Patients were followed up for 30 days. Thirty-day morbidity and readmissions were recorded.
Statistical methods
The data are presented as means with standard deviations (SD), medians with interquartile range (IQR) or counts with percentages. The 95 percent confidence intervals (95 % CI) are given for the most important outcomes. Results were analyzed by the ANOVA, Chi-square test, Mann-Whitney U test and by Fisher's exact test. p values of \0.05 were considered to be significant. Statistical analyses were performed using STATA statistical software. For a difference in same-day discharge of 20 % between the study groups and a test power of 85 % (a = 0.05), 71 patients were required in each study arm.
Results
The flowchart of the study patients is presented in Fig. 1 . Baseline characteristics were similar between the study groups ( Table 1) . Two patients (1.2 %) were excluded: one had conversion to open surgery because of severe adhesions and the other had common bile duct stones in intraoperative cholangiography, which were removed by transcystic technique. A total of 169 patients in day-care surgery unit met the inclusion criteria for day-care LC.
Surgical outcome is presented in Table 2 . Median operative time was similar in the diathermy dissection and ultrasonic dissection group [45 min (SD 20) versus 45 min (SD 20), p = 0.95]. Same-day discharge was possible in 69 patients (87 %) and in 77 patients (87 %) in the diathermy and ultrasonic group, respectively (p = 0.98). Pain, PONV, and 30-day morbidity and readmission rates were low with no significant difference between the study groups. Postoperative pain scores and PONV after 1, 2 and 4 h in the recovery room did not differ significantly between the study groups ( Fig. 2A, B) .
Postoperative intravenous fentanyl was administered in the diathermy group to 61 patients (77 %) and in the ultrasonic dissection group to 68 patients (77 %) [ 
Discussion
Previous studies and meta-analyses have shown that sameday discharge after day-care LC using diathermy hook dissection can be achieved in some 60-81 % of cases [3, [11] [12] [13] [14] . However, some studies have demonstrated an improved same-day discharge rate after LC using ultrasonic dissection (73-95 %) than after LC with conventional diathermy dissection LC (66-76 %) [7, 8] . This study shows that using an optimized perioperative pathway in day-care LC including modern pain management, both diathermy and ultrasonic dissection techniques, is effective in treating cholelithiasis without compromising patient safety and resulting in similar outcome. Particularly, the same-day discharge rate was similar (87 %) in the study groups. Mean operative time in previous randomized studies comparing ultrasonic dissection method and diathermy dissection seems to be lower in ultrasonic dissection method (27-60 vs 34-65 min) in contrast to our study showing similar operating time in both study groups [7, 8, 15, 16] .
Effective, evidence-based anesthetic management and multimodal analgesia are a prerequisite to decrease surgical stress response and to enhance same-day discharge in daycare gallbladder surgery [9, 17] . In order to optimize anesthesia and pain management of day-care LC according to modern guidelines, we used pre-emptive anesthesia which has been shown to reduce the need of postoperative opioids after LC [9, 17] . Consequently, we could not find any significant difference between the study groups with regard to postoperative analgetic use, pain score or time spent in postoperative care unit. Previously, postoperative nausea and vomiting and pain scores during the first postoperative 24 h have been observed to be reduced after LC with ultrasonic dissection than after LC with diathermy dissection [7, 8] . There is also some evidence that ultrasonic dissection may reduce intraoperative bleeding [7] , but this was not confirmed in our study.
Several studies have reported an overall complication rate from 3.9 to 6.1 % after traditional LC for gallstone disease [18] [19] [20] [21] [22] . Day-care LC-related complications have been documented to be low, and no significant difference has been observed compared to overnight stay [3, 23] . Our postoperative morbidity was low and in line with the 1.2-5 % postoperative morbidity rate reported in randomized trials comparing day-care LC with ultrasonic dissection versus traditional day-care LC with diathermy dissection [7, 8] Particularly, the incidence of bile duct injury after traditional diathermy LC has been around 0.2-1.5 [18, 21, 24] and was here 0.6 %: In our study, a bile leak from cystic stump occurred in one patient in the electrocautery group, which was treated by ERCP and stenting. The bile leak was not associated to the dissection method itself. Our 30-day readmission rate was 5 versus 3 % in the diathermy and ultrasonic dissection groups and in agreement with the reported range of 2.0-7.0 % after day-care LC worldwide [3, 13] .
Overall, intraoperative gallbladder perforations occur in 8.6-20 % during conventional diathermy dissection [25, 26] . However, in randomized series comparing diathermy and ultrasonic dissection gallbladder perforations (40-51 vs 16-26 %) seems to occur less often with ultrasonic dissection [7, 15, 16] . In our study, intraoperative perforations occurred more often in the ultrasonic group (27 vs. 20 %), although the difference was not statistically significant. Small perforations without stone spillage can be managed with rinsing and suction combined with temporary closure of the perforation site with a grasper or clip. Hence, the impact of small perforation without stone spillage on the surgical outcome is minimal, as shown here.
Our study should be interpreted with some caution, however. The major limitation is the lack of quality-of-life measurement. In addition, we did not examine the return to work and normal daily activities. Economical direct inhospital costs have been reported to be lower after ultrasonic fundus-first LC than after conventional diathermy LC (20) 13 (15) [27]. However, the difference was mainly related to the shorter operative time in the fundus-first ultrasonic technique not found in our study. Consequently, in-hospital costs of the ultrasonic dissection technique may be higher due to the price of single-use ultrasonic scissors.
Conclusion
The fundus-first LC with ultrasonic dissection results in similar operative time, blood loss and postoperative recovery profile as LC with conventional diathermy dissection and therefore does not offer any significant advantages compared to conventional LC diathermy hook dissection.
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